The objective of this paper is to provide a deeper insight into the links between financial markets and the real economy. To that end, we study the short-term anticipation and response of U.S. stock, Treasury, and corporate bond markets to the first release of surprise U.S. macroeconomic information. Specifically, we focus on the impact of these announcements not only on the level, but also on the volatility and comovement of those assets' returns. We do so by estimating several extensions of the parsimonious multivariate GARCH-DCC model of Engle (2002) for the excess holding-period returns on seven portfolios of these asset classes. We find that both the process of price formation in each of those financial markets and their interaction appear to be driven by fundamentals. Yet, our analysis reveals a statistically and economically significant dichotomy between the reaction of the stock and bond markets to the arrival of unexpected fundamental information. We also show that the conditional mean, volatility, and comovement among stock, Treasury, and corporate bond returns react asymmetrically to the information content of these surprise announcements. Overall, the above results shed new light on the mechanisms by which new information is incorporated into prices within and across U.S. financial markets.
I Introduction
There seems to be little doubt among academics and practitioners that the release of macroeconomic news has a significant impact on prices of securities within as diverse asset classes as stocks, Treasury bonds, and corporate bonds. For instance, most asset pricing models provide a snapshot of the cross-sectional relationship between asset returns (or prices) and risk factors at a given point in time. A change in one or more of these factors should, therefore, affect asset returns, with the dynamic nature of these changes being dictated by the dynamics of new information arriving in the market.
The dominant paradigm regarding the response of asset prices to new information (first articulated by Fama, 1971 ) is that, since markets are efficient, asset prices should react immediately and in an unbiased manner to new information. Accordingly, in this paper we explore the functioning of the process of price formation in all three of the main U.S. financial markets -stocks, government bonds, and corporate bonds -around the release dates of the unexpected portion of four important macroeconomic news: the Consumer Price Index (CPI), the Unemployment Rate, the Nonfarm Payroll Employment, and the Target Fed Funds Rate. Specifically, we intend to address four basic sets of questions. First, what is the impact of these macroeconomic announcements on asset returns and asset return volatility in the proximity of their first release? Are the markets where these assets are traded more volatile before the news event and less volatile afterward? This would be the case, for example, if the arrival of information leads to resolution of uncertainty and/or disagreement among market participants (e.g., Pasquariello, 2007) . However, the analysis of Ross (1989) may lead to the opposite inference. Ross argues that, in an arbitrage-free economy, the volatility of prices should be related to the arrival of information in an efficient market. Accordingly, Foster and Viswanathan (1993) and Pasquariello and Vega (2007) show that, ceteris paribus, both the availability and the realizations of a public signal increase price volatility.
Second, does the release of macroeconomic news surprises affect the markets for different asset classes in different ways? The rationale for heterogeneity in the fluctuations of stock and (government and corporate) bond returns in response to macroeconomic news is intuitive. For instance, higher inflation may increase only the volatility of the bond market, since stocks (and, to a lesser extent, corporate bonds) offer a natural hedge against inflation.
Third, do macroeconomic announcements affect the existing degree of covariance between different asset classes? Covariance shifts may stem from information spillovers across markets (e.g., Shiller (1989) , King and Wadhwani (1990) , Rotemberg (1990, 1993) , Karolyi and Stulz (1996) , and Connolly and Wang (2003) ), from more intense portfolio rebalancing activity across stocks and bonds (e.g., Fleming et al. (1998) and Kodres and Pritsker (2002) ), from financial constraints (e.g., Kyle and Xiong (2001) ), or from greater dispersion of beliefs among speculators (e.g., Pasquariello (2007) and Kallberg and Pasquariello (2008) ) before and after their arrivals.
Fourth, is the impact of unexpected macroeconomic news releases instantaneous or protracted over time? Are the observed shocks to volatility and comovement of a transitory or persistent nature? For instance, Jones et al. (1998) observe that clustering of information arrivals, market sentiment, or gradual learning may justify why an increase in return volatility would persist over time. Therefore, lack of persistence in announcement shocks would suggest that additional information gathering or the trading process do not intrinsically increase return volatility. 1 To tackle these questions, we combine a database of daily excess holding-period returns on seven asset portfolios -stocks traded on the NYSE-AMEX and NASDAQ, five, ten, and thirtyyear Treasury bonds, and Aaa and Baa-rated long-term corporate bonds -with data on those four macroeconomic announcements and their consensus expectations between 1986 and 2002.
The choice of daily spot data is not casual. First, higher-frequency data are unavailable for two of the asset classes under consideration -corporate and government bonds -over our entire sample period. Since one important aspect of our study is to compare the reaction of all U.S.
financial markets to the release of U.S. macroeconomic news, full sample coverage for all asset classes represents a necessary prerequisite. Second, using higher-frequency data over shorter sample periods, recent studies find a significant intraday reaction of some of these markets to macroeconomic news, often within minutes of their release (e.g., Balduzzi et al. (2001) , Andersen et al. ( , 2007 , Green (2004) , and Fleming and Piazzesi (2005) ). Thus, the daily frequency of our data is most likely to bias our estimates of that reaction downward. Yet, as we soon discuss, our evidence is instead strong. Lastly, higher-frequency data are afflicted by microstructure frictions (e.g., bid-ask bounce, quote clustering, price staleness, inventory effects) that may bias inferences drawn upon them (e.g., Bai et al. (2004) , Andersen, Bollerslev, and Meddahi (2005) , and references therein). These frictions generally become immaterial over longer horizons.
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The expectation data -from the International Money Markets Services survey (for macroeconomic variables) and from futures prices (for Fed Funds rate decisions) -are customarily assumed to represent unbiased estimates of the anticipated portion of these announcements. 3 Hence, they allow us to identify the unexpected component in those information arrivals when released to the public. We then estimate the impact of these events on conditional returns, return volatility, and return covariance using several extensions of the multivariate GARCH-DCC IMA model of Engle (2002) . This specification, albeit more flexible and parsimonious than most available multivariate models, has been shown to perform equally well in a variety of situations.
The objective of our study is to contribute to the empirical literature relating macroeconomic fundamentals, and macroeconomic news in particular, to asset pricing dynamics. Studies in this literature differ on multiple grounds: their choice of news, their choice of market (bonds, stocks, or currencies), the moments of the return distribution they examine, and the statistical methodology they employ.
4 Only a few of these studies focus on the simultaneous impact of macroeconomic news releases on both stocks and government bonds or their futures and none on the corporate bond market. Some of these studies use the actual news releases, i.e., do not separate the expected component of the released information from the unexpected one (e.g., Jones Fleming and Remolona, 1999) . Most of these studies concentrate on the first and second moments of asset returns. Fleming et al. (1998) consider the volatility linkages of stocks, bonds, and money market instruments, while Connolly et al. (2005 Connolly et al. ( , 2007 investigate the impact of stock uncertainty (measured by the implied volatility from equity index options) on the timevarying comovement between government bond and stock returns within and across countries.
Yet, neither of these studies specifically relates the estimated spillovers to macroeconomic news.
Our study contributes to the aforementioned literature on several dimensions. First, we investigate the impact of important U.S. macroeconomic news on the joint distribution of the returns in three important U.S. financial markets: equity, Treasury bonds, and corporate bonds.
This is arguably a reasonable course of action, since each of these markets does not exist in a vacuum and investors can, and often do, hold and trade many of those securities at the same time. Second, we use survey and futures data to extract the unexpected components of these news announcements. Third, we analyze the impact of their release not only on the returns of the three asset classes but also on their volatility and covariation. This effort allows us to provide a more comprehensive picture of the effect of surprise macroeconomic information on the behavior of asset prices in the U.S. capital markets.
We find that the process of price formation in the U.S. financial markets appears to be driven by fundamentals, albeit often heterogeneously so. Specifically, our evidence reveals a statistically and economically significant dichotomy, to our knowledge novel to the literature, between the reaction of the stock and bond markets to the release of unanticipated fundamental information. After initially falling, conditional stock return volatility increases the day this surprise macroeconomic news is released. Conditional bond return volatility instead first rises and then declines, the more so the shorter the maturity of the bond portfolio and the lower its likelihood of default. We also show that conditional return comovement within and across stock and bond markets most often decreases -rather than increasing, as commonly believed -in correspondence with those releases, even after controlling for volatility shifts. Finally, we find that the conditional dynamics of stock, Treasury, and corporate bond returns react asymmetrically to the specific information content of surprise announcements, e.g., especially (but not exclusively)
to the release of "bad" news. Overall, these results shed new light on the mechanisms by which information is incorporated into prices.
The remainder of the paper is organized as follows. Section 2 describes our database. Section 3 develops our econometric approach to estimating the impact of unexpected news releases on asset returns. Section 4 discusses the first set of results for conditional returns, return volatility, and return comovement. Section 5 tests for the differential effect of positive and negative news on stock and bond return dynamics. Section 6 concludes.
II Data
The basic dataset we use in this paper consists of a variety of daily, continuously compounded excess holding-period returns (over three-month Treasury bills) on three asset classes -stocks, Treasury bonds, and corporate bonds -whose prices are expected to be affected by four macroeconomic announcements: the total Consumer Price Index (CPI), the Unemployment Rate, and the Nonfarm Payroll Employment, exogenously released on a monthly basis, and the Target Fed Funds Rate, potentially endogenous to the former variables. Our choice of macroeconomic announcements is motivated by several considerations. First, there is broad agreement that the level and dynamics of employment and inflation within a country represent the main concern of that country's monetary authorities when setting their interest rate policy. Second, there is ample evidence that financial markets are most sensitive to direct news about unemployment and inflation (e.g., Fleming and Remolona (1999) , Krueger (2003) , Boyd et al. (2005) , and Pasquariello and Vega (2007) Monthly real-time (actual) announcements -i.e., as reported in the original press releaseson total CPI (CP I t , in percentage in Table 2 ), Nonfarm Payroll changes (P AY t , in thousands in Table 2 ), and Unemployment (UNE t , in percentage in Table 2 ) and their corresponding releases dates are obtained from the Bureau of Labor Statistics (BLS). 10 We classify these economic 8 Recent studies (e.g., Boukus and Rosemberg (2006) ) find that U.S. financial markets respond not only to such quantitative information as FOMC rate decisions but also to such qualitative information as official statements, speeches, or FOMC minutes released by the Federal Reserve to the public. This evidence, albeit consistent with the FOMC's increased commitment to transparency over the last few years of our sample, is sensitive to the specific algorithm extracting common themes from multi-page, often ambiguous statements. 9 For more on the timing discrepancy between FOMC announcements and the end of trading in the Fed Funds market, see Kuttner (2001) and Bernanke and Kuttner (2005 Friday prior to each news announcement, and the resulting median forecasts are released during the following week. According to several studies of their information content (e.g., Urich and Wachtel (1984) and Balduzzi et al. (2001) ), MMS expectations are generally unbiased and less noisy estimates of the corresponding realized macroeconomic variables than those generated by extrapolative models (e.g., Figlewski and Wachtel (1981) Consistent with the existing literature on macroeconomic news arrivals (e.g., Balduzzi et al. (2001) and Andersen et al. ( , 2007 ), we define an announcement of type e on day t, A e t , a surprise if its absolute difference with respect to the "market consensus" -the corresponding median forecast F e t -is "large," i.e., greater than a predetermined threshold. In this study, we use a threshold of 5 basis points for CP I t and UNE t , and of 20, 000 jobs for P AY t ; the results that follow are not meaningfully affected by alternative thresholds since the vast majority of expected announcements occurred at or very close to the median forecast. We use a similar approach (and the same 5 basis points threshold) for the target rate decisions by the Federal 11 Extending our sample beyond 2002 is problematic. Indeed, since being acquired by Informa in 2003, MMS has stopped providing its survey services. Recently, another company, Action Economics, has resumed collecting economists' forecasts of U.S. macroeconomic variables, although not from the date when MMS ended its survey.
Furthermore, it is not obvious whether Action Economics has been using exactly the same survey techniques previously employed by MMS.
12 For a more detailed description of the MMS database and its properties, see Andersen et al. ( , 2007 .
Reserve (F ED t , in percentage in Table 2 ). Nonetheless, we measure the corresponding market expectations using the thirty-day interest rate futures contract traded on the Chicago Board of Trade (CBOT), since changes in the Fed funds futures rate -an intuitive aggregation of market-wide policy expectations -have been shown to represent more efficient predictors of FOMC's target rate changes. 13 We employ the algorithm devised by Kuttner (2000) to estimate the one-day rate surprise from the one-day change in the spot-month futures rate around FOMC announcements. Because CBOT futures prices are available only from October 3, 1988, we use MMS forecasts for the first three years of the sample.
According to Table 2 , there were 161 FOMC meetings over our sample period 1986-2002.
During that period, the Federal Reserve decided much less frequently to increase the Fed Funds rate than to either leave it unchanged or cut it. About 44% of all rate decisions were unexpected by the market. The CPI series suggests an annual inflation rate of 3% between 1986 and 2002.
Not surprisingly, given the behavior of the U.S. economy over the last two decades, CPI deflation was much less common (CP I t ≤ 0 only 19 times), and went almost always undetected by the market. Recessions were of shorter length (UNE t > 0 in 66, and P AY t ≤ 0 in 40, of 190 BLS press releases) and generally exhibited greater per month intensity than expansions, but both were equally difficult to predict on average (both A UNE t and A
P AY t
were sufficiently different from
and F P AY t more than 70% of the times, regardless of their sign).
III The Empirical Model
We now study the short-term anticipation and response of the U.S. stock, Treasury, and corporate bond markets to the arrival of relevant U.S. macroeconomic news. The goal of our multi-market analysis is to shed light not only on the effects of these announcements on conditional mean excess returns and return volatility, but also on the comovement and interaction between those 13 Krueger and Kuttner (1996) , Bomfim and Reinhart (2000) , and Kuttner (2001) explore the properties of various proxies for market expectations of FOMC rate changes implied by Fed funds future rates. Piazzesi and Swanson (2008) find that forecasts from one-day changes in Fed funds futures rates are the least affected by biases induced by time-varying risk premia.
markets in the proximity of their occurrence.
The GARCH specification proposed by Bollerslev (1986) and its many univariate and multivariate extensions are among the most widely adopted models to describe time-varying volatility and covariances. 14 However, in most cases, multivariate GARCH models are not flexible enough, and the number of parameters in them too large, to introduce complex forms of conditional comovement among asset returns. In this paper, we use the Dynamic Conditional Correlation (DCC) multivariate model of Engle (2002) to analyze the short-term behavior of the U.S. financial market in proximity of the release of macroeconomic news. The DCC specification has the flexibility of univariate GARCH models without the complexity of traditional multivariate GARCH specifications. We begin by proposing the following GARCH(1,1) model to describe the evolution of daily excess holding-period asset returns r i :
where z t−1 denotes the information set at time t − 1 and s
As standard in the finance literature, Eq. (1) specifies a first-order autocorrelation model for excess holding-period returns, to control for nonsynchronicity in prices, microstructure effects, and gradual convergence to equilibrium. Yet, the above specification is novel to the literature for it allows for both the arrival and the extent of macroeconomic news surprises of type e (either F ED t , CP I t , UNE t , or P AY t ) to affect not only conditional mean asset returns (e.g., as in Andersen et al. ( , 2007 and Bomfim (2003)) but also the conditional variance of excess return innovations ε i t . Specifically, in Eq. (1), I e t (k) is an event dummy equal to one if a surprise macroeconomic event of type e occurred at time t + k and equal to zero otherwise (e.g., as in Jones et al.
(1998)), while S e t are news surprises standardized by their sample standard deviation b σ e -i.e.,
-to control for differences in units of measurement across announcements (as in 14 E.g., see Nelson and Foster (1994) , Engle (1995) , and Kroner and Ng (1998) for a review. (1) is motivated by existing evidence (e.g., Jones et al. (1998) and Bomfim (2003) ) and preliminary unreported analysis indicating that the mere occurrence of surprise macroeconomic events, regardless of their sign, affects conditional return volatility.
15 Hence, allowing for signed news surprises in s i t would weaken both the magnitude and significance of their estimated impact on h i t . 16 We can interpret the resulting coefficient
(1) as a measure of anticipation, i.e., as the percentage impact of the release of a unit absolute news surprise of type e on the conditional variance of the excess return r i before that release actually occurs at time t +1. The coefficient δ e i (0) is a proxy for the additional, contemporaneous percentage impact of a unit absolute news surprise released at time t on h i t . Finally, the coefficient δ e i (−1) is a measure of persistence, i.e., of the additional percentage impact of the arrival of a unit absolute news surprise on h i t after the information has already been revealed at time t − 1.
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As mentioned earlier, we also study the impact of news arrivals on the structure of conditional comovement among asset classes. To that purpose, measurement issues are the object of considerable debate. In particular, Forbes and Rigobon (2002) argue that shocks to the conditional covariance among asset returns in proximity of certain macroeconomic events may be due to shocks to return volatility. We tackle this problem by assuming that the conditional covariance between any two standardized residuals η
at time t given z t−1 , q ij t , is described accurately by the following exponential smoothing function:
where s
We add η i t η j t to both sides of Eq. (2) and rearrange terms to obtain an integrated moving average (IMA) process with no intercept,
where the errors q 
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The model of Eqs. (1) and (3) provides a basic representation of the behavior of asset returns in proximity of macroeconomic news announcements. As such, it is designed to capture only the first-order, symmetric impact of news arrivals on the U.S. equity and bond markets. Therefore, evidence from its estimation in support of any of the arguments discussed in Section 1 can be 18 In a recent paper, Andersen, Bollerslev, Diebold, and Labys (2003) argue that model-free estimates of daily variances from intraday return data perform well in comparison with standard GARCH models of daily volatility.
Along those lines, Christiansen and Ranaldo (2007) use futures intraday data to measure realized Treasury bond-U.S. stock return correlations in proximity of macroeconomic news announcements. However, the GARCH(1,1)-DCC IMA model of Eqs. (1) and (3) allows us to control for the contemporaneous impact of these news arrivals on conditional return levels when estimating realized volatility, as well as on conditional return volatility when estimating realized return correlations. interpreted as strong evidence. We investigate second-order effects, in particular the possibly asymmetric impact of "good" and "bad" news on return dynamics, in Section 5.
As first suggested by Engle (2002) , we estimate the model of Eqs. (1) and (3) in two steps.
In the first step, we estimate Eq. (1) separately for each asset i by the quasi-maximum likelihood (QML) procedure described in Bollerslev and Wooldridge (1992) . Hence, the resulting estimates are consistent and asymptotically efficient. In the second step, we estimate the parametric model of Eq. (3) jointly for all assets i, again by quasi-maximum likelihood, using the parameters obtained in the first step. Under some mild regularity conditions, consistency of those parameters ensures consistency, although not efficiency, of the estimates stemming from the second step. Engle and Sheppard (2001) , Engle (2002) , and Cappiello et al. (2006) show that these estimates perform well in a variety of situations and provide reasonable empirical results with minimal loss of efficiency.
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IV The Basic Results
We start our analysis by estimating the model of Eqs. (1) and (3) for each of the four macroeconomic announcements in our sample according to the two-step procedure described in Section 3.
We report the resulting QML estimates (and robust t-statistics) of selected parameters of Eqs.
(1) and (3) in Tables 3 and 4 , respectively, when e = F ED, CP I, UNE, or P AY . In unreported analysis, the inclusion of dummies to control for day-of-the-week effects or the day-level clustering of other macroeconomic announcements (e.g., Jones et al., 1998; Kim et al., 2004) does not significantly affect our inference, either qualitatively or quantitatively. 19 Efficiency of the second-step DCC IMA parameters could be achieved by estimating jointly both Eqs. (1) and (3). Yet, convergence is often problematic since the resulting log-likelihood function is often "extremely flat" (Cajigas and Urga (2009) ). Joint estimation of our basic model and its extensions by quasi-maximum likelihood (when successful, in unreported analysis) leads to virtually identical inference. Accordingly, qualitatively similar inference can also be drawn from estimating Eq. (3) and its extensions with a GMM procedure in the spirit of that proposed by Ang et al. (2006) to account for the sampling uncertainty of the first-step GARCH parameters. 20 Furthermore, the timing of the macroeconomic releases in our sample is not clustered and (with the exception of the few unscheduled FOMC meetings over our sample period) can be deemed exogenous to financial markets.
[Insert Table 3 here] Table 3 reveals a dichotomy between the reaction of the U.S. stock and bond markets to economic news. Conditional stock return volatility is somewhat lower the day before (δ e i (1) < 0), and significantly higher the day of their arrival (δ e i (0) > 0). In particular, our estimates indicate that between 1986 and 2002, upon the release of a unit absolute standardized macroeconomic news surprise (with the exception of e = F ED), conditional return volatility for the NYSE-AMEX (NASDAQ) is on average no less than 50% (35%) and almost 100% (60%) higher than during non-announcement days. This is significant since those surprise announcement windows are frequent, accounting for about 21% of all days in our sample (see Tables 1 and 2 ). In contrast, we find that the coefficients δ e i (1) are always positive and mostly statistically significantly for conditional government and corporate bond return volatility. For instance, the day before the release of a unit absolute unemployment news (e = UNE or P AY ), return volatility increases by a minimum of 62% (δ P AY i
(1) = 0.621) for Aaa-rated long-term corporate bonds to a maximum of 115% (δ P AY i
(1) = 1.152) for five-year Treasury bonds. This suggests that there is considerable increase in uncertainty among bond market participants in anticipation of the release of macroeconomic news. This effect is only partially short-lived, since the contemporaneous coef- Table 3 ). This evidence indicates that only in the U.S. bond market any additional information stemming from economic news does not appear to augment price fluctuations, i.e., that this news appears to induce (at least partial) resolution of uncertainty and/or Yet, our model does not allow to assess whether the clustering of various unexpected macroeconomic news releases in the same direction, over a short period of time, may have larger effects on U.S. financial markets than the average effect of each news release separately, as stemming from the estimation of Eqs. (1) and (3). In these circumstances, our approach is likely to bias such effects downward. We thank an anonymous referee for pointing out this possibility to us. disagreement only among bond market participants.
The arrival of employment news has the greatest impact on the government bond market, especially before their release, while CPI news has the lowest; the corresponding effect on corporate bonds, although of same sign, is of somewhat smaller scale. Interestingly, Nonfarm Payroll surprises, although released simultaneously with unemployment numbers, are preceded and accompanied by relatively more pronounced volatility shocks. This evidence is consistent with some recent studies (e.g., Andersen et al. (2007) and Pasquariello and Vega (2007) ) suggesting that Nonfarm Payroll has the greatest information content among all public signals of the state of the U.S. economy available to investors and speculators. The milder reaction of both government and corporate bonds to CPI surprises may instead stem from the relative stability of inflation expectations and the Fed's significant credibility in fighting inflation over our sample period 1986-2002. Yet, the evidence in Table 3 also suggests that the behavior of stock and bond markets close to target rate decisions by the Federal Reserve is both less economically and statistically significant than for any other event in our sample.
The absolute magnitude of δ e i (1) and δ e i (0) is decreasing in the maturity of the bond portfolios and in the likelihood of default, as proxied by the Moody's ratings. The latter is somewhat surprising, given the greater sensitivity of corporate bonds of poorer quality to the business cycle (e.g., Gertler and Lown (1999) ). The notion that five-year Treasury bonds are the most liquid (e.g., Fleming (2003) and Brandt and Kavajecz (2004) ) may instead explain the former, since we would expect the intensity of information gathering and portfolio rebalancing induced by the news arrivals to be greater for more liquid securities.
21 Accordingly, target rate decisions have a positive and statistically significant impact on the conditional return volatility exclusively of five-year Treasury bonds (δ
F ED i
(0) = 0.450). Alternatively, mean reversion in short-term interest rates (e.g., Chapman and Pearson (2000) and references therein) may lead to a weaker impact of an information shock on longer-term bonds, since any impact of such shocks on the 21 E.g., Chowdhry and Nanda (1991) . Yet, shorter-maturity bonds are also less sensitive to fluctuations of interest and inflation rate expectations potentially induced by that news. According to Table 3 , this effect is weaker than the maturity (or liquidity) effect.
short end of the yield curve is expected to die out for its long end. U.S. stock markets instead display a remarkable homogeneity of responses to most surprise macroeconomic announcements.
Specifically, the impact of their arrival on NYSE-AMEX conditional return and volatility is qualitatively and quantitatively similar to that estimated for NASDAQ, despite the fact that most "new economy" companies are usually deemed less sensitive to employment or inflation news than to the state of their specific industry. For instance, the conditional return volatility for both NYSE-AMEX and NASDAQ decline by roughly 13% on average (δ in Table 3 ) following unit absolute surprise Fed rate decisions.
At this stage of the analysis, we find weak or no evidence of a relation between the conditional mean excess holding-period returns of each of the asset classes we study and the release of macroeconomic news surprises. In particular, Table 3 shows that the corresponding estimated
), as in Bomfim (2003) . Table 4 provides evidence of a much greater dichotomy between the stock and the bond markets when analyzing our estimates for the parameters of the DCC IMA covariance model of Eq. (3). There we report intra and across-asset class averages (i.e., within and among stocks, S, government bonds, G, and corporate bonds, C) of both QML estimates of the dummy coefficients (3) and their robust t-statistics. These average estimates suggest that the release of the surprise economic announcements in our sample is preceded by sharply lower comovement among U.S. stock markets (e.g., d
UNE S,S (1) = −1.267), but by much less so among government and corporate bond markets. Declining comovement among NYSE-AMEX and NASDAQ stocks is often magnified on the day of news arrivals and the day afterward (e.g., d [Insert Table 4 here]
Finally, comovement among all asset classes decreases in the proximity of all macroeconomic news releases. For example, we find that comovement between stock and government bonds, stocks and corporate bonds, and government and corporate bonds declines on average by 103%, 93%, and 150%, respectively, in correspondence with the release of a unit absolute standardized unemployment news surprise (d Table 4 ). CPI and Nonfarm Payroll surprises lead to negative comovement shocks of similar magnitude. Fed rate decisions are instead accompanied by the smallest (yet still economically significant) drop in across-asset class covariance, consistent with the results reported in Table 3 . This evidence is important for it suggests that any multi-asset trading activity due to portfolio rebalancing, information spillover, financial constraints, or shifts to the degree of information asymmetry and heterogeneity among traders induced by that news translates into either more negative or less positive -but not more positive, as commonly thought -comovement among the excess holding-period returns in our sample.
V Asymmetric News Impact
In the previous section, we showed that the arrival and absolute magnitude of surprise macroeconomic announcements affected significantly the U.S. equity and bond markets between 1986 and 2002. The sign and magnitude of the impact of their release on the dynamics of asset prices should also depend on their specific information content. Indeed, it is reasonable to conjecture that the effect of "good" or "bad" news on the process of price formation in the U.S. financial markets may be asymmetric. 22 For example, Boyd et al. (2005) find that, in the short run, the reaction of stock and bond prices to unemployment news, measured with respect to a statistical model for final release numbers, is state-dependent. The equity market usually responds positively to surprisingly rising unemployment, while Treasury bond prices react to it only during expansions. Similarly, Veronesi (1999) argues that "good" or "bad" news may increase uncertainty when released in "bad" or "good" times, respectively. 23 Furthermore, it is also possible that the various forms of market frictions and financial constraints described in the literature (e.g., borrowing, short-selling, and wealth constraints) are more binding on investors' behavior following "negative" announcements. These constraints could then affect not only the level of asset returns (e.g., Diether et al. (2002) ) but also their volatility and comovement (e.g., Kyle
and Xiong (2001)) differentially in proximity of news arrivals.
We explore these issues by amending the model of Eqs. (1) and (3) 
e t (k, +) and S e t (k, +) are dummy variables equal to one and S e t+k , respectively, if the Federal Reserve announced either a surprisingly large rate increase or a surprisingly small rate 22 In light of earlier discussion, we use the terms "good" and "bad" to refer exclusively to the content of the news, rather than to its implications for stock and bond valuations. 23 Further, Andersen et al. (2007) report that, during the 1990s, intraday stock, bond, and currency futures returns experienced heterogeneous conditional mean and volatility jumps in presence of "good" or "bad" news.
cut on day t + k (S F ED t+k > 0), or if the CPI or the unemployment rate was reported at day t + k to have either increased surprisingly highly or decreased surprisingly little with respect to the previous month (S CP I t+k > 0 or S UNE t+k > 0), or if the Nonfarm Payroll was reported on day t + k to have either decreased surprisingly highly or increased surprisingly little with respect to the previous month (S P AY t+k < 0), and zero otherwise; vice versa, I e t (k, −) and S e t (k, −) are dummy variables equal to one and S e t , respectively, if the Federal Reserve announced either a surprisingly large rate cut or a surprisingly small rate increase on day t + k (S F ED t+k < 0), or if the CPI or the unemployment rate was reported at day t + k to have either decreased surprisingly highly or increased surprisingly little with respect to the previous month (S CP I t+k < 0 or S UNE t+k < 0), or if the Nonfarm Payroll was reported on day t + k to have either increased surprisingly highly or decreased surprisingly little with respect to the previous month (S P AY t+k > 0), and zero otherwise. Hence, S
(k, −)), and S P AY t (k, +) (I P AY t (k, +)) are "good" news (dummies).
24 According to Table 2 , "bad" news so defined is generally less frequent but of greater absolute magnitude than "good" news over our sample period 1986-2002.
We estimate the model of Eqs. (4) and (5) according to the two-stage QML procedure described in Section 3 and report the ensuing coefficients in Table 5 for conditional returns and volatility and in Table 6 for return covariances. Our results reveal a significant degree of asymmetry in the response of the U.S. financial markets to the arrival of macroeconomic news of positive versus negative information content. Table 5 shows that the absolute magnitude of the effects of news releases on return volatility described in Section 4 is generally, although not homogeneously, greater when the news is "bad" (especially "bad" CPI and Nonfarm Payroll [Insert Table 5 here] According to Table 3 , neither the occurrence nor the absolute magnitude of important macroeconomic news affect conditional mean excess holding-period returns for U.S. stocks and bonds between 1986 and 2002. In contrast, Table 5 provides evidence of significant asymmetric effects of signed news surprises on those returns. In particular, the estimates reported in Table   5 suggest that most surprisingly "good" macroeconomic announcements significantly increase conditional mean stock returns, but decrease conditional mean Treasury and corporate bond returns. Yet, most unexpectedly "bad" announcements have no meaningful contemporaneous impact on any r i t . For example, we find that estimates for the contemporaneous impact of unexpectedly expansionary rate decisions by the Federal Reserve (S Table 5 ). Better than expected inflation news (S CP I t (k, −) < 0) -that generally accompanies a slowing economy and may lead to future target rate cuts -has no impact on mean excess stock returns but lead to a small decrease in conditional five-year Treasury and Baa-rated corporate bond returns (by 4 and 6 basis points, respectively, i.e., γ Table 5 ).
[Insert Table 6 here] Finally, the differential information content of macroeconomic news has little or no impact on the (negative) direction of the shocks to comovement across asset classes induced by their arrival we discussed in Section 4. However, the estimates of the DCC IMA model of Eq. (5) in Table 6 reveal a significant heterogeneity in the intensity of the impact of the release of "good" or "bad" news on intra and across-asset class covariances, especially in proximity of the release of CPI data. For example, the comovement between government bond holding-period returns declines by 66% on the day following better than expected inflation news S (k, −) < 0) is released. This suggests that surprisingly "bad" news arrivals are more likely to induce a wave of rebalancing activity among the asset classes in our sample. Such asymmetry is consistent with recent studies (e.g., Kyle and Xiong (2001) ) conjecturing that the multi-asset trading activity of informed and uninformed market participants is more likely to respond to financial constraints in those circumstances. Accordingly, target rate increases and "bad" Nonfarm Payroll news induce lower comovement among high-rated and low-rated corporate bonds than rate cuts and "good" employment numbers, i.e., are more likely to induce investors to shift their portfolios away from low-quality issuers.
VI Conclusions
The analysis of the extent to which prices in financial markets incorporate fundamental information is central to the theoretical and empirical finance literature. The traditional notion of market efficiency requires that new information about asset payoffs should be quickly and fully reflected in asset prices and drive their dynamics. Prior research has examined the links between financial and real variables by studying the effects of the disclosure of macroeconomic information (often without first identifying its surprise content) on stock and bond markets (often separately).
Our paper contributes to this debate by providing a comprehensive analysis of the impact of the unexpected component of important U.S. macroeconomic news releases on the process of price formation in the three most important U.S. financial markets, for equity, government bonds, and corporate bonds. For that purpose, we develop an extension of the multivariate GARCH-DCC IMA model of Engle (2002) that allows us to simultaneously (yet parsimoniously) identify the effects of news arrivals on conditional mean returns, return volatility, and return covariance. We estimate different versions of this model over our sample of announcements of target rate decisions by the Federal Reserve, CPI, Unemployment, and Nonfarm Payroll data from the Bureau of Labor Statistics between 1986 and 2002.
We find that the arrival of surprise macroeconomic news has a statistically and economically significant impact on the U.S. financial markets, but also that this impact varies greatly across asset classes. Conditional stock return volatility decreases on the trading day before, increases on the day when the announcements are made, and subsequently decreases. Conditional bond return volatility instead increases when the news is released, and declines afterward. This effect is stronger for portfolios of bonds of shorter maturity (typically, the most liquid and sensitive to the mean-reverting nature of the short rate drift) or less likely to default. The estimated shifts in volatility appear to be persistent in the short run, i.e., do not offset each other completely over a three-day event window around the announcements. These effects are also asymmetric:
Their absolute magnitude is generally greater when the macroeconomic information released represents "bad" news. Conditional mean excess holding-period returns for stock and bonds are instead mostly sensitive to the release of unexpectedly "good" news. Finally, our estimates paint a complex picture of the interaction between asset returns in proximity of macroeconomic news
releases. Yet, they offer little or no support to the commonly held notion that the arrival of this news is accompanied by greater comovement among asset returns. Indeed, return comovement within and across stock and bond markets most often decreases in correspondence with those announcements, especially in proximity of "bad" news.
Ultimately, this study reports a wide array of novel empirical evidence -stemming from a robust yet manageable methodology -on the effects of the release of macroeconomic news on the moments of returns in U.S. equity, government bond, and corporate bond markets. We suggest that some of this evidence is consistent with existing theoretical arguments in the literature, e.g., those emphasizing the role of investors' trading activity. Nonetheless, we hope that our work may stimulate further research on a unifying theory to explain all of these fascinating stylized facts. N is the number of available observations for each series.
μ is the mean and σ is the standard deviation.
Min and Max are the minimum and maximum value for the series over the sample.
Skew is the coefficient of skewness, while Kurt is the excess kurtosis; their standard errors for asymptotic normal distributions are [5] under the null hypothesis that the series is white noise. A " * ", " * * ", or " * * * " indicate significance at the 10%, 5%, or 1% level, respectively. +, negative, −, or both) between the announced and expected amount. A " * ", " * * ", or " * * * " indicate significance at the 10%, 5%, or 1% level, respectively. unemployment (e = UNE), or payroll announcement (e = P AY ) was made on day t + k and zero otherwise.
A "
* ", " * * ", or " * * * " indicate significance at the 10%, 5%, or 1% level, respectively. 
where
denotes the information set, r i t is the daily continuously compounded excess return on asset i, S e t are actual standardized news, and I e t (k, ±) and S e t (k, ±) are the surprisingly "good" and "bad" macroeconomic news event dummies defined in Section 5. A " * ", " * * ", or " * * * " indicate significance at the 10%, 5%, or 1% level, respectively. 
